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1020020055302 #^ °j7s}: 2003/9/3 
[-8-^1 

*]i2^te(QAM) ^Jl^I <£#^ ^ *cMM- ^^MH^ 

S7l, ^ tfl^ ^ g n a^ofl ^ 3J Oil}. 

7l#^ #^ Ajjr=. ^a].^ ^1^71 , X\]+}7)2) #^ tl)jil§>^ W1J3I71* 

^tl: <?§^ <&5L ^3.7} o)^o]*\ 3^ o] Aijr ^a] A]Jr iLJr 
£ 3 
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4 * 

1020020055302 %;^ 2003/9/3 

Decision Decoder, Apparatus of Generalized Log Likelihood Ratio considered 
Channel Estimation Errors for Soft Decision Decoding at QAM Signals and 
method thereof} 

51 l£r ^^>jol ^lju^S-^^ Al-^cq ^-^71 ^-g- Ml> 

°H=r. 

^2: ^l^LSl «lm _$.ff- ^--f- ^^5.7> ZLEfl = c>lc|.. 

51 5^r £ ^ofl od^ ^j-^ ^ -f^til Tjl^ 
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^ 45171, ^ <s#^ ^ ^ ^ ^ 

W 53 — , Jit* # ^1 Tfl 3] m ^1 ^ ^ ^ ( qam ) ^Jl^l 431*1 
^ ^-tf-i: 31*fl ^ zi^tb ^ tos]^ ^ 

*>7l <S#^ 43171, ^ 4Jl*l tfl^r -f^wl 31^ ^ H «o V ^ 

^ «o V ^^ 7}^ iflofl^ JH^o] ^E)nl^<^ ol^-f-A]^- ^^§1-71 

«7fl ^-g-Sl^r ^ ^ 7H> Jl^^<y ^2: W 0 ^o]cf . 

o^o} E ^ ^ SL^n- lf3L7} A>-g-£]«^o> ^-cj-. 

=L^}, ^3. If-SL^ <3#^ £L^S\u\, ^JR^t^ 

^ o>u|&(- ^1^<H1£ ^Ji7> ^7] nfl-g-ofl *fl^ ^ J7^*V ^> 

Jl ^JXSl^o] 

-SMI si #^s-cl-. 
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1020020055302 #^ 13*}: 2003/9/3 

<n> M ^l ^j^S-i^oflAi ^jn^-S-ig^. x^- M7fl^l -tlJl {xi 

, x 2 ,- ,x M } & & W 7}*H, -ai- Xi^ {ci , c 2 ,- ,c k }^ k«l 

<i2> <^71a^ ( M =2k o]^ f 4 ti]B Ci +1 ££^r -121 £ 

^, °H +14 -l^r AA 1/2^ ^<a*v ^-i-s ^-^^vcfji 7H3tW. 

<13> ^m^S ^1^7^]^^^^ ^A] A1^( X )7> *fl^ ^Efll- -f-^H # 

<M> !^ u ^=^+^ 

<16> ^ 
<17> ^ 

2 ] ^ = ^+ e 



<19> 
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1020020055302 #^ <&z}'- 2003/9/3 

, °] 34. wis ^-i- fl* tfl^r -fH«l(log likelihood ratio)^ o>2fl^ 

<20> . + ^ 

Kc,)=ln + S expf- '^-yM -ln 2 exp/- l y~ %T \ ^ i 

x + e (*:c, = + l) \ a I ) USJ— 1) eXP \ ff 2 j < 1 

3] -1 

<22> 4] 

+1 

yf = min | A ,_^-| 2 min . - +|2 _ „ 



<23> + 

<24> £ 1^ ^tiV^O] ^JE^S- £S ^iJl^ 4^71 o) ^.g. £ A)*V 
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1020020055302 #3 <£t\: 2003/9/3 

<25> s. H £A)^ t.}^ ^o], 03^8 4^1 tfl^ Til^^l(lO), # 

#71(20), ^ ti]ii77l(30)# 3L^-W. 

45+ cfl^r -f^l* 7fl^>jl, ^71(20)^ + #:M- - ^1^1 

tiliS ^ *\3L2\ <&%^ ZfZ}- (+) I£>r (-)S. 

< 27 > £ 2 ^ #Hfl 71 #011 4a 4^a] cfl^ -f£tal 7fl^> 

<28> £ 2oll 14^14 5fl^°l, ^2fl 7l^ofl 4f cfl^ 7fl^> ^^71 

(11), ^71(12), ^1^-71(13), wlJ27l(14)l- JE^tf. 

n K a) % ^^}JL , ^71(12)^ #^7l(ll)Sl #^ ^A] A]^S # 

, ^1^71(13)^ ##71(12)3 #SJ #Jl» ^fl^>J7 ( til JI7 71(14)^ 

^§7l(i3)^ #a ai^s. tiijnsvcf. 

<30> £ 2^ ^ 4<^l^i ^(fj) *j- 2L^r ^ (&) %H1 Sfl#*Rr ^ -fSE. 

^ ?n -a- tfltt M-^^a ^°H4. 

<31> 4^1, ^tb £ lofl £Al^ ti}<4 ^-o] £ 29) 

tfl^ X)##*l# if- 7HS ##7l(20)°1)>H ufl^ tilJH 
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7l(30)7> ^7] (20)^1 0£_t\- 3.^ IS. , OiLt} 2}o_^ _ 1S zija^l 

4^2: ^15£] 3M- ^^*Vcf. 

3 ^.^-1- Jl^^l ^^7] nfl-g-ofl *fl^ ^ o_ = ^- QTlis) tiV 

*«r*H 415. 43H °14<^4. 

^ 2]^o^ Alj- 4^^- ^tfl ^ ^.^-1- Jl3S}aj 4JL7> ZLHl 

[«Vrgol °1^^7l- ^ 71 34^1 
<34> £ §7^^; n^}7] ^O.S, 4^ *fl^ ^ 

_2.41- JIB^ cfl^ J£tl] ^el^ J^o} A]Jr 4^0. -^*>0_^ 

*| ^ ^15£l 4 J: ^ 45:^1 tfl^ t^v ^ 

<35> # 7 ]i£ V }S% -E-^ ^5}7l -M. M^ofl 4= 4^71^ 

4^, 31 JS ^14^2: Aj^l- 45*1-71 ^*fl ^Al7l^Bl ^^5]^ #4 

°1 3E.th€ *r4l ^15(y)l- °l-g-*>Jl, ^ M ^-41- + ^15^ - 4] 

55] tfl^ 4^yl# 7)1 4^r 7fl5l cfl^ -f^til 7flA> # 7 1 4t 7fl£] 
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^^Kr ^71; ^ ^-71 #*Y7}9\ cfl^ *H1 tfl^- 7)1 ^V^l- °^^°\ 

n. 7^ ^3f7> ^/-g-r^H 4^ 2]JH^1^^2: z]-^ <£(+) ELtt -g- 

(-)ii ^*Rr «li27l# if-tl-cf. 

7l§^lJKxi)l- °g^«>0> 4 7l^A]^# #^*Rr M7fl^ ^71; ^7l ^-^71 oil 
A i 31^€ M7flfil ^&-g- °g ^ ZL -§-«-4 ^"71 ^^171^-^Ei <g ^ £) ^ 

41 4lJ:(y)* ^*>^ M7flsl ^K>7l; ^-71 ^7H1^ 7^1^ M7fl«l #*>U>g- 
44 ^1^^ M7fl^ ^1 ^1^-71 ; ^7) 7l^s( Xi )l- <a^^> on- z}-z}- ^1^- 

M7fl^l 7fl2 ^l-g-71; # 7 ] 7)12 7ll^-7l^E^ ^Sl^r M7fl<2l ^l^^l^ofl tfl ^ 
^SM" aJ^^S ^IJlSl c^^}- cfl^i 

H)( P)«2f D^fe- M7flSl ^^71; ^71 Till 711^-713.-^ ^5)^ M7fl<2] 7)1^ 
* ^^7l^Ei <y^S)fe M7flSl ^ &0_3_ UfipOl ^ M7HS1 7^71 i 

9? A oM 7flAV7HlAl ojej^^ M 7fl Si *H#&1" ^± T^Bfl^ cfl^ 

-f-£«l« #^*Rr wl517l» i^-*Vcf. 

<37> M. ^-Tgofl 4B 4^71 tfl^ -fHHl 7^1 A> « 0 V^S] Jf-^, a ) 
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JLS^ o^Sl^r ^ ^lS(y)S #^}tt ^-Tfl; b) #71 a) #?fl<M 7||a>^ 
#7l 7l$Ai^( Xi )# ^ *H^*Hr #7)1; c ) b) #t}1» ^f-sfl 

A oM 7l^A]^ofl Cfltt ^frS; ^JuL^-^S A]Jro| C^#2f 

^ €3 Cfl^itil(p)^ 7>^^>^- #7fl; d) ^71 b) ^ ^^fe 

A oM c) #3HH 7RRV 7>av^s. uprfe #31; £ e) 

<39> o]§> ^w-^ ^<=>1 7}<k£: Q M*\ -g-^Sl *H 

<40> £ 3f ^ ^ofl ^*H3 -^Jl Al tfl^ ?flA> 

<41> 5L 3^1 £Al^ H>cq. ;£o) ; £ ^6j) <£X\6\)o\ tfl^ ^jxj. ^ 

(100)fe M7fl^ #^71(111), ^71(112), afll ^ *fl2 ^#71(113, 121), 
(122), 2)1^71(123), tiling (114)1- a^tj-. 

<42> ZlflC-11, ,g. ^6fl rr)- = ^ o.^y] ^XJ. ^ ^ ^ 



27-11 
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# JIB^M] ®±r 5L 2<2\ 1- tcfl, ^ ^§ ^^^1 *V<$% 4« 

^s|^7] ^*ti ^12 ^7](121), ^^71(122), ^ ^1^7l(123)« e] if-^JL <U 

<43> ^ 

M7fl^ ^^71(111)^ ^^1^0)1^ ^8 ST ^^JI, ^ 

M7fl^ ^>7l(ll2)^ ^^KlllHH 7^]^ M7flsl ^sbg- <y^^r 
A n. ^^&A ^X\7)^B\ <$&s)^ ^1 ^l^(y)« ##^4. 
<44> HelJl, M7fl<2} *fll ^1^-71(113)^ ^>7l (112)^1^ 71]^ M7fl ^ 

zi-zv ^1§*>ji ( M7fl^l 42 *H^7](l21)*r 7l^A]^( Xi )l- <^^M- z}-z}- *)] 

<«> M7fl<2] ^71(122)^ *fl2 4^}(121)S.^ 0 TmS)l± M7fl^ 7l^A}Jrofl tfl 

?b *)1^-3M- ^in^l^^s ^IJ:^ ^jl^-g- Cfl^^ ^Ei ^-g-o] tfl<* 

<«> M7fl<^ ^1^71(123)^ *fll ^§7l(113)S.-fEi SJ^fe M7fl<q *H^#-g: ^ 

7l(122)S^-Ei <y^S]^ M7fl£q ^ ^Jl, wli27l(114)^ 

(123HH oj^^- ^flo^ aflxj.^ #o11 ^ ^ ^ *flv| ^ 

<47> oj<4 ^-o] 2 7fl^ cfl^ -f^al 7jl^> 4^71^, 

£ 11- ^^HH 7J- tfl^ o. £ a] Tjl^V 100)5.^-3 + 

Aljr<4 _ cfl^ ll^^ji, til57 7l(114)<Hl^ ^71(112)^ 
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1020020055302 #^ <Qx\: 2003/9/3 

aijii^l^^s ^!lf zj-^j- <£(+) SE^r ^^tbcf. 

^^t^ Al-g-O^ Al^-g- CH^^4 ^-§-5] tfl^S.«l(p)* Oj 

^i£o> 7l^ofl Hl^fl ^^o] 7 fl>a^ ^-SAlJlS 

<49> olfif ^-ol 4^71, £ tfl^ 4-S.Hl Tfl^ # 

*13 °l-g-*H 4^-4 ^-Cf. 

<50> <S#tb 2<*lH ^fl^ ^ ^-ff-7} $7fl^ ufl, *fl^ ^ 

^ ^(e)^ -Hs ^-^^olol, z}-z}- i q jifl^ofl tfl*)] .n^S^o) ^JE. 
S. n-4 zj-zj- 2*H1 f£f 7>^7ll 
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<52> 5] 



a^) = -^r exp I \ _L 



y exp - 



1 



222 exp 

7T CT M ff e 



<53> 5# °l-g-*H M^l A] Jl 43#^l i «i ^fl tfl ^ 



<54> 6] 



PKy, a\c £ = — 1) 



= In 



2 2|c lf -,c,= + l, •■,c k ) 



+<= ,2 ^(y, 

_ = ,2 Piy, a\x~) 

x e {jc c, = — 1) 



<56> 7] 



rCci) =ln 



2 exp 

* + e {*c,= + l} 



2 exp 

*"e {*c,=-l} 



/ \y— ax 



+|2 



^ 2 n 



+ 



_ / \y— ax' 



+ 



12- dM 
°l J 



^ 1 
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<57> 7 5l*b) <Q7Mk-& &°}^i\7] +s.vi\ (generalized 

likelihood ratio) 7fl^^- £.<y S}c}e>) *M}. 

<58> ^#3^ tfi^ -f^wl^ a ^ ^ rfl^H ^cfls|-S|^ cj-g- 
83. ^ ^ 5W. 

<59> [^*VA1 g] 



r(ci) = ]n- 



max 



, 2 exp 

* + e {*:c,=+l} 



max 

a 



2 exp 

*~e {x:c,=-l} 



\y 


-ax + \ 2 , 






tf 2 


1 




y 


-or 


2 






* 2 , 




* 2 « 



^ 1 



<eo> ^7]^, ^7}^o) 7 ) ^o\) 8 <HH 7K> ^ ^(exponent) 
<6i> 9] 

f t S expf-/ b-^^ +Jlz: 

\ re <*:c.-=±l) \ ff 2 B a 



max 

a 



2 
e 



max 

a 



H~( JJ ^ +Ji ^ i )]} 



max 

a 



max 



-{"H-l-^^)]}} 



<62> 



2/„\_ argmax f 



9 
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<63> 



-{exp[-(^i + ^)]} 



<64> 



lv-^1 2 , |a-a| 2 

9 T 9~ 



10] 



<65> 



«: 4 s Sflt*. 



<66> 



[*r*H 11] 



d<2 



— / (a-a)'(-l) 1 (y-ar)*(-*) \_ 0 



<67> 



-«Jv*| 11-g- l-ig 127> ^Cf. 



<68> 



12] 



* S> , — 0 

x yo g+ <zcr „ 



<69> 13] 



max 
« exp 



2 ' 2 



= exp 



WV.+ * 2 , 



<70> 12£.*-B\ 13^ ^5>JL, o}^7fl ^tb 13^ 
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<71> 



max 

a 



max 

c*e [x. 



x f r / 



±i2 



+ 



I <2 — <2[ 



[^«VA1 14 ] 



max 

x*e {*:c,= ±l} 



jexp| 



|±|2 ^ 2, „ 2 



<72> 2^*0.5. ^*}"^ 141- <>\^\^l $\$\ 8^ 5fl^ JL3} 

<73> 15 ] 

max I / Iv-Sar+I 2 U 

r(c ( )~ln E-J g ^ + ,f Wl ^ ! 

- max /expf lv-^~' 2 W 

* efc: «~» exp i* Kt+^J 



+ max | |y-^x + l 2 1 max f |y-£r-| 2 



min f Ly-ar I 2 1 min f \y-ax + \ 2 ) 



-1 



<74> 

^^K 1 15<^|^ P °* o}^ o]^ chg. 160.S. ^ ^ 



<75> , 

16] " 05 " BWe 
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<76> l6 o\]X] BWn ^JH^l^^S -tls. ^-t ^-g- cfl«^^olji ) BWe 

<77> olsf ^o] ; 155. q-E}-Lf^ cfl^ -f^l^r *ll2 ^1^-71(121) 

7> 7]^ A]JKxi)l- ^#^>JI ( ^7l(122)°]H ^2 ^1^-71(121)^ *fl-g-3M- *\ 
m^^S A]^ ^^J- ^B] «1(P)2]- D) 

<78> zi^, ^1^71(123)^1^ ^^7l(122)5.^-Bl Al^fil- »U ^1^-71 

(113)5.-^ ^Jr* ^l^Jl, HlJil7l(114)7> *fl-t>7l (123)^1 

# als ^^^-o.s.^1 3] 3 2} ^IJ: *fl^ ^ ^» JlBlt-V tfl^ 

<79> tJ^-, 3°fl £Al^ cfl^ ^1^ ^j-^i i 5S . M-Hl-u}.^ 31 JR 

<80> + 

7}^3L X ±= ^1- x# ^M3*Rr «lB^ C/ =+l<y ^ 

f_l -^1- x« ^EHM, 7l^0J: x '±r Xl- ^M3*Kr tilB^ C< =-l<?1 ^ 

-f» xl- q-Ei-vflcf. 

<81> £ 4^ i 2*11 S^S) 0 ! ol^ #Efl Cfl^ ^-£«1 Tfl^V 21*1 JjL 

Jis}-^ 64-^1 H^l^^^ ^1J121 ^Jr^l wJe ,0 ^.g. ^ ^ 7J4^- 

M-Bl-SE 3°1^. ZZ.51J7, £ 5^r £ 3^1 ^r$6\) ^AHlo) 

cfl^r -f^l 711 <0; ^Hl 21*1 EiM. ^JlS}-^ 64-^1 JH^l^-^ 2: ^1^2) 4Jta1 «1 

H i^- ^-i- ^^21 s.^ ^ 7J4# M-h1-\E ^°14. 
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<82> 

P=10dBSl- 13dB» 7>^^, 5. 4Sf £ 5^1 HHflH# wliESfl ^- nfl , £ 5 
^ wlH -2.fr- ^1- 10" 5 ) n 1 dB 

<83> oie-ltb 45: 7fl^d ^*H4 l5£f 4sf tiiju^c^ 

^ ^<sH 15^ £-5L^ *fl\t^8 .2.ff-» JIBRV ^Ir^l 1^5*7] nfl^oj o. 

£ ^ am. 

<84> 4^r *m ^ -2.^-* JIS^M ^^71 itfl^-ofl *J*fl3. #^fl 

^ -S-^-l- -£*Vji 4Jl7> oi ^ V ai 

^ ^ SL^n-m &*d*} ^5-7} o)^o]^ A]Jr 4^Al ^ ^AVo] 7 > 

<85> # 7 | £ ^32|. t^o} aJ-^ ^ ^ ^a}^o] ^O.SAi, o) 

^ ^^^>7l fl* 4*HH A}-§-^ ^Jol^l sH^oJu). S.^^ 

S. 7]^ ^Al^- ^ ^j.^^ olS«- E ^ Cf^tb ^ -g-^V 

^ ^*Hl7} 7>^>c}^ ^ oi^fl^- ^o]cf. n}-eH ( m^o] ^i^^j. 7l ^^ 

<86> 0^3}. ^-O] Jg- ^ofl 4S7l, ^ 4-31 A] Cfl^ -f 
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1] 

Sf^ ^ ^l^(y)# °l-8-*Kil, *m ^ -2-ff-l- ^*><*j + aIj^ - Aiss] 
rfl^ ^-JEWl* tH^^t 4^ 7fl<*l cfl^ ^Eti] 7fl#- #*1; 

#7l 4- 7 flfiJ cfl^ ^-3£til 7fl# ^iM^I #^£l^ + Ajjr^ - 

A oM ^71^ Cfl^ ^Hl tfl«- ^1^5lf« SJ^^oV ^ 7fl# ^71- 

^tV^T^H 4^ ^iH^^^S ^llt <£(+) -g-(-)CLS ^7§*Rr 

2] 

#71 Cfl^ 7fl# #*1^, 

M7H^ 7l§A)Jr( ^^^> 4 71^#Jl«- #>S*Hf- M7fl ^) #^7l; 

A o V 7l §^7HH 7ll#^ M7fl2l «a^«>0> #3}- #7l 

#71 ^7H1A^ 7]1#^ M7 flo^ #AV^ 21-4 ^l^Rr M7fl^ ^1^-71; 
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#7l 7l$A]3l( x ')^ ^^^1- oil- AA *H^*Hr M7fl^ ^12 ^1^71; 

^3L2) 431-^ *fl^3 €3 #-§-^1 cH^s.wi(p)sq- H 

#71 *U ^1^7l^Ei <g^£|fe M7fl^l #71 5i^7lS^ ^ ^ S\ 

M7fl^l ^ M^f<H ^ M7flo] ^AV7l; ^ 

#71 ^fl^HH M7fl^l *ll#&# ^ A^^o} cfl 

[37* 3] 

°J M7fl^| 7l$A]J:( ^')» °tl^^> ^ 7l^Al^# ^*Hf- M7fl^l §^7l; 

#7l §^7HH 7fl#^ M7flfil ^St-fr H §^^4 #71 ^A] 

#71 ##7HH 741#^ M7flSl AA ^l^Rr M7fl^ *fl^7l ; 

#71 71§a]s( •*')♦ ^^^> ^11- AA *H^*Kr M7fl^l *fl2 ^1^-71; 

#71 ^12 ^7)^^ ^5}^ M7fl^l 7l$AlJlofl cfl *jj^#.g- ^iH^ 

^ ^£1 ^^^^ ^ ^-g-s] c}]^^til(p)^. c]^ M7fl 

^1 3^71; 
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^ <H#* <3#^ cfl^ #^*Hr w]i27l 

# 5£^-*Rr tfl^r 7fl^> 

*n 3 *<mi sa°H, 



max 


expj 






x + e {*:c.= + l} 


\x+\ 2 *l+a 


2 
n 


max 


expj 


\v-dx~\* 






\x-\ 2 cl+o 


2 



= max | ly-ar+l 2 \ max f |y— ^c~| 2 ) 

+1 

= min f lv- Sx~l 2 \ min f |y-£c + l 2 1 ^ _ 

-1 

<£ BW„ 

P — ~2 — pry 

oJ 7 H , e , BWn £ ^m^^S US. tfle^, 

BWe ^ €3 tfl^<g; 
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5] 

b) #7} a) ^tHH t^s} ^-^azj. # 7 l 7l^A]Ji( x Om AA 

c) b) ^Tjll- ^-Sfl <^i)^r ^oM 7l^A|s^l tfl^ ^Sbgr ^j^-^S 
#2.$ cfl^^Wl(p)5>f 7RV^ cj-^l; 

d) ^7] b) ^-«fl °g^£l^r *fl^ ^ ^-7l C ) ^TlHH 
7R>tV 7l-^^o. S. M-^r^- ^Tjl ; ^ 

e) #71 d) <a-3HH ^0>}^ *m ^ 

JL^^V <£#^ cfl^ ^-7]1 

» i^*Rr tfl^ -f T^V w o V^ . 

I^T 1 * 6] 

#71 e) #7lHH tfl^ -^-JEtil-I- #31^ °>2fl 
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max ( I \y-'ax + \ 2 \) 
x+*(x: Ci =+i) exp - V| 2/T 2 T ' 2 



max 



max f \v-ax + \ 2 } max f lv-aar~l 2 1 

■♦-fa*--!, ( (|iV + p} tf jJ- {- ( |r-| 2 + p J g 2 ) ^0 



+1 



min f ly-gy I 2 \ min fJy-^T 1 ^ „ 



-1 



P — —2" = 



o^H, ^ W * , BWn £ ^HL^<£i£ ^OjL ^a-t ^--g- ^<*>^-, 

BWe *£*\ tfl<^°J ; 
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1] 



10 



a* 



30 



20 










+1 








-1 



[£ 2] 




^10 



3] 



XT 
X? 

p 



,112 



113 ^ > 1 23 /1 14 



►€41 



. -i ii 



, 12 1 

cm 

4171 



•0 



,122 



100 
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